Introduction
The mammalian neonates requirement for nutrients must be met by dietary sources or body stores, and usually the dietary source is supplied by milk from the dam. It is well documented that the mineral concentration in colostrum differs from that found in milk produced at later stages of lactation (Perrin, 1955; Earle and Stevenson, 1965; Ullrey et al., 1974; Underwood, 1977; Johnson and Evans, 1978; Pond and Houpt, 1978) . Some mineral elements in milk are influenced more by diet composition than are others as a result of transfer from the plasma to the mammary gland (Linzell, 1968) . For example, Ca, P, Fe and Cu are generally thought to be resistant to the influence of dietary levels (Pond et al., 1965; Underwood, 1977; Pond and Houpt, 1978) , while Zn (Miller et al., 1965; Earle and Stevenson, 1965) and Mn (Ptumtee et at., 1956) can be increased in milk by increasing the dietary levels of the dam. Mutch and Hurley (1974) have shown that low levels of dietary Zn influence the levels of Zn found in the milk. Utilizing radioactive labeling studies, Johnson and Evans (1980) noted that dietary Zn is utilized in milk secretion more readily than Zn found in body stores. In addition to the amount of an element present, the bioavailability of each element may be influenced by other components of the milk (Johnson and Evans, 1978; Ainscough et al., 1980; Cousins and Smith, 1980; Evans and Johnson, 1980; Lonnerdal et al., 1980) . Percentage ash in milk is increased and milk yield is decreased by
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The objective of this study was to evaluate the influence of a range of Zn concentrations in the diet on the concentration of Zn, Cu, Fe, Ca, P and Mg in colostrum and milk of first-and second-parity sows for the first 3 wk of lactation.
Experimental Procedure
Experimental Animals. Sixty crossbred and purebred Yorkshire gilts averaging 30 kg body weight were blocked by the date they were farrowed into four treatment groups. Thus, each treatment group of five animals/pen was represented in each of the three blocks. The gilts were housed in a total confinement facility with slatted floors, cast-iron automatic waterers and wood-nongalvanized metal selffeeders.
After attaining about 100 kg body weight, the gilts were moved from the total confinement facility to dirt or concrete lots. Gilts were moved by group to individual crates in the farrowing facility when gestational stage was about 110 d for at least one of the gilts. After farrowing and weaning, sows were housed individually or by treatment group in a confinement facility with partial or total concrete slats. A basal corn-soybean meal diet (grower) that met NRC (1979) requirements was fed ad libitum until the lightest weighing animals reached about 60 kg (Hill and Miller, 1983) . The same diet was also fed ad libitum during lactation. From 60 kg until farrowing, a developer diet was fed (Hill and Miller, 1983) . After reaching about 100 kg body weight, the gilts were limit fed 1.75 to 2.75 kg of feed/d depending on climatic conditions. Water was available ad libitum throughout the study. The basal diet was supplemented with Zn from feed-grade ZnO at the following levels: 0, 50, 500 and 5,000 ppm added Zn.
Gilts were field-mated between 7 and 8 mo of age for the first parity. Sows were handmated for their second parity at the first estrus following weaning.
Milk Sampling and Analyses. During parturition or within 24 h after the onset of parturition, colostrum samples (0 wk) were obtained. Milk samples were collected at 1, 2 SlL-453, Instrumentation Laboratory, Lexington, MA. and 3 wk after parturition. Each sample consisted of milk from one or more mammary glands and was collected after the glands were washed with 70% ethanol and an im injection of oxytocin was given. Milk was collected and stored in acid-washed vials at -20 C until analyzed.
Duplicate samples were wet-digested in a mixture of nitric and perchloric acids and diluted with deionized-distilled water as necessary for analyses. For Ca and Mg determinations, SrC12 was used to reduce matrix interference. Copper, Fe, Zn, Ca and Mg were determined by atomic absorption spectrophotometry s . Phosphorus determinations were by the method of Gomori (1942) .
Statistical Analyses. A modified version of
Kolmogorov-Smirnov D-statistic was utilized to test for the probability of nonnormality. Because the data were distinctly non-normal, a natural logarithm transformation was utilized to ensure near normality of distribution for the transformed variables (Gill, 1978) . Gill (1978) points out that the logarithm of the measurement may be more normally distributed than the measurement itself. Because the natural log of zero is indeterminate and the natural log of one is zero, one was added to each observation before the observation was converted to a natural log value. Analysis of variance was performed using the General Linear Models procedure of the Statistical Analysis System (SAS, 1979) maintained at Wayne State University. A procedure involving Bonferroni t-statistics was utilized for comparisons among means (Gill, 1978) .
Because the animals were assigned randomly to the dietary treatments, grouped by date farrowed into blocks and measured for trend at four sampling times within two parities, a split-plot design was utilized. Analysis of variance revealed an interaction (P<.01) between treatment • time, thus indicating nonparallel trends in response over time to the dietary treatments of added levels of Zn. Therefore, comparisons of treatments within sampling periods, of sampling periods within the treatment and of parities within treatment and sampling period were made. The residuals of the natural log-transformed Fe data were considered to be normally distributed. The residuals of the other natural log tr.ansformed variables were still considered non-normal, but at a reduced probability.
Numerous efforts did not reveal a more desirable transformation. Although the accuracy of the probability statements was improved, natural log-transformed data are difficult to interpret. For this reason, the means of the original data (not transformed) are given in the tables even though the transformed data were used in the statistical analysis. bTransformed data used in the statistical analysis.
Results and Discussion

Comparison of Dietary Treatment Effects
c'd'eMeans in the same column for the same element with different superscripts differ (P<.01).
x'Y'ZMeans in the same row with different superscripts differ (P<.01).
other treatments, but P was only depressed by the 5,000 ppm added Zn treatment. Copper was greatly depressed (P<.0i) in colostrum of gilts and sows fed 5,000 ppm of Zn. The effect of excessive dietary Zn on the level of Cu in tissues and enzymes requiring Cu has been reported (Van Reen, 1953; Magee and Matrone, 1960; Cox and Harris, 1960; Ott et al., 1966a,b; Chvapil and Misiorowski, 1980) . However, this depressing effect on the Cu concentration in milk has not been reported.
Copper was greatly reduced (P<.01) in milk at all stages of lactation in gilts and sows fed 5,000 ppm Zn. Calcium, Mg and P levels in milk were not influenced by diet Zn. Iron was elevated in wk 3 milk from animals fed the highest Zn level. Milk Zn concentration at all stages of lactation was similar for gilts and sows receiving 0 to 500 ppm supplemental dietary Zn, but was elevated in those fed 5,000 ppm of supplemental Zn.
Comparison of Effect of Stage of Lactation Within Dietary Treatment. When no additional
Zn was added to the diet (0 ppm), the concentration of Cu and Zn was higher in the colostrum than in milk obtained later in lactation. The reverse was observed with Ca, P and Mg. The level of Fe in the milk from sows supplemented with 0 ppm Zn at all stages of lactation was not different. Pond et al. (1965) reported that sows receiving 150 ppm of Fe and 60 ppm of Zn in their diets had 1.50, 1.34 and 1.47 rag/liter and 4.93, 4.53, 5.09 mg/kg on a fresh basis of Fe and Zn, respectively, in milk samples at 1, 2 and 3 wk post-farrowing. Earle and Stevenson (1965) reported that Zn in colostrum ranged from 9 to 24 mg/kg of whole milk for sows fed diets unsupplemented with Zn (47 ppm gestation; 73 ppm lactation) and 8 to 28 mg/kg for sows whose diets had been supphtmented with 100 ppm Zn. Our values are slightly higher for Zn than those of Pond et al. (1965) . These differences could be due to differing Zn stores of the dam, contamination of the samples or differing sensitivity of the analytical techniques. In our laboratory, Zn recoveries are 85% or higher.
When 50 ppm Zn were added to the diet of sows and gilts, Cu levels in colostrum were higher (P<.01) than at any other measured stage of lactation. Iron was lowest in the wk 2 milk. Zinc concentrations in colostrum were higher (P<.01) than at other times.
Calcium, P and Mg levels in milk tended to increase as stage of lactation advanced.
As with the dietary treatment of 0 ppm added Zn, Cu and Zn were increased (P<.05) in colostrum and Fe was not affected when 500 ppm Zn was added to the diet. However, Ca, P and Mg were lower in colostrum than at later stages of lactation. Earle and Stevenson (1965) found that adding 100 ppm Zn to the diet of lactating sows (145 ppm Zn total in diet) resulted in a 49% increase in Zn in whole milk at 35 d of lactation compared with milk from unsupplemented sows (10.3 vs 6.9 mg/kg whole milk). Pond et al. (1965) reported that when sows were fed about 60 ppm of Zn during a 3-wk lactation, the mean value for the concentration of Zn in the milk was 4.94 mg/kg on a fresh basis.
Copper was higher in colostrum of sows fed 5,000 ppm added Zn than in milk at 1 and 2 wk postfarrowing. Colostrum Zn was higher and colostrum Ca and P lower (P<.01) than at other stages of lactation. Iron in the milk was not affected by the stage of lactation. Magnesium in the cotostrum of sows fed 5,000 ppm added Zn was lower than at 2 and 3 wk postfarrowing. This dietary treatment affected Cu in the milk more than the other treatments. Miller et al. (1965) found that supplementing lactating dairy cows with 0, 500, 1,OO0 and 2,000 ppm Zn as ZnO resulted in average milk Zn levels of 4.1, 6.7, 8.0 and 8.4 ppm, respectively. Thus, the added increments of dietary Zn had progressively less effect, so that those given 1,000 ppm had essentially the same amount of Zn in their milk as cows receiving 2,000 ppm dietary Zn. Milk production was not affected in this 6-wk trial. Because feeder cattle have been reported to have reduced gains and lowered feed efficiency (Ott et al., 1966a) when fed 900 plma Zn, reduced milk production might have been exl~cted. In our study, the Zn concentration in the milk of gilts and sows fed 5,000 pl~rn additional Zn was consistently higher than that of animals fed lower Zn levels, but pro~,essively increasing Zn levels m milk were aot observed when the lower levels of Zn were consamed. As in this study, Miller et al. (1965) did not observe an effect on Mg in cows milk from 1,0OO or 2,000 ppm supplemental Zn, but Hamilton et al. (1979) observed depressed Mg concentrations in the duodenum and liver of Japanese cl~ail fed Zn at levels of 250, 500, 1,000 and 2,000 ppm. The Fe concentration was also depressed in the same organs. Magee and Matrone (1960) observed a decrease in liver Fe stores in rats fed high levels of Zn from either ZnC12, ZnC03 or ZnO. Thus, it would appear that some of the mineral interrelationships observed in other body tissues exist in mammary secretions.
Comparison of Parity Effects Within Dietary
Treatment. Although total milk production in sows is believed to be maximized after three or four parities, the effect of parity on mineral concentration in the milk of sows does not appear to have been investigated. When sows were fed 0 ppm added Zn, there was a tendency for Fe and P concentration in the milk (table 2) to be depressed and for Ca concentration to be increased in the second-parity milk. It is difficult to assess the significance of these results because Ca, P and Fe concentrations in milk are believed to be quite unresponsive to dietary effects (Underwood, 1977) , but appear to be affected by parity with no added Zn in the diet.
When 50 ppm of Zn were added to the diet, Fe and Zn were depressed in wk 1 milk and Ca was increased in wk 2 milk of secondparity sows. Phosphorus was lower (P<.05) in the second-parity milk and Mg was decreased in the second-parity colostrum. Because NRC (1979) recommends 50 ppm of dietary Zn for sows, this treatment represents the pattern of mineral concentration in milk that would be observed in many sows.
Sows receiving 500 ppm added Zn in their diets produced colostrum with less (P<.05) Cu, Fe and Mg by second-parity. Iron, Mg and P tended to be lower in second-parity milk.
At the highest level of Zn supplementation (5,000 ppm), parity affected Fe, Zn, Mg and P at certain stages of lactation. Iron was depressed at wk 1 in the second-pariry; Zn was decreased at wk 1 and 2 of lactation in the second-parity and Mg and P were reduced in colostrum in the second-parity.
When evaluating these results it should be remembered that there is isotopic evidence that all minerals in milk must come from the plasma (Linzell, 1968 ), yet one would not expect the age associated with an additional parity to affect these characteristics. Miller et al. (1965) suggested that the udder was able to discriminate against Zn at high dietary levels. Perhaps there is an active transport mechanism for controlling the concentration of minerals in milk. If not, mineral concentrations in milk should mirror that of plasma. Henkin et al. (1970) suggested that blood prolactin level was positively correlated with Cu and Zn concentrations in milk of rats and humans. Because Fe was lower in the second-parity milk at 7 d of lactation in all treatments and Mg was decreased in the second-parity colostrum, it suggests that prolactin or some other hormone may be affecting the minerals in milk.
